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The effect of Non-centrosymmetricity on electronic, spontaneous polarization and optical prop-
erties has been investigated using grid based projector augmented wave method code GPAW. The
calculation of band gap using GLLB-SC which improves on the exchange potential and explicitly
estimates the derivative discontinuity is similar to experimental result. Ferro-electricity of BaHfO3
is increased as lattice distortion kept on increasing. Static dielectric constant, absorption peaks,
and index of refraction only show slight change and in good agreement with experimental and other
results. However, absorption coefficient prefer centrosymmetricity and had higher absorption ability
in visible light frequency range. Excitonic binding energy increases with lattice distortion.
The presented results are important in connection with development of typical perovskite proper-
ties. Lattice distortion is significant in enhancing ferroelectric and excitonic properties of BaHfO3.
I. INTRODUCTION
Perovskite based materials have attracted much theo-
retical and experimental attention in recent years. Pri-
marily, alkalne metal hafnate are of practical importance
in numerous applications. These materials are best-
known for their adaptability to exhibit several unique
properties due to unstablity to lower energy of structural
distortions[1].
Cubic BaHfO3 considered as ABO3 perovskite oxides,
where an A atom positioned at (0,0,0) corner of cube , a
B atom at body center position(1/2, 1/2, 1/2), and three
O atoms at face centered positions(1/2, 1/2, 0) forming
a BO6 regular octahedron [2].
Several works have shown that the cubic phases of
Pnma perovskites are unstable to both ferroelectric and
octahedral rotation distortions[3–6].
In present work we follow different a approach, and
chose unique lattice displacement as distortions site in
range of (3.85, 4.5) for slight change of centrosymmetric-
ity, and studied the effect on electronic, excitonic, ferro-
electric and optical properties of BaHfO3.
II. COMPUTATIONAL METHOD
We have implemented the Perdew-Burke-
Ernzerhof(PBE) and Gritsenko, van Leeuwen, van
Lenthe and Baerends potential(GLLB-SC) potentials
to the grid-based projector augmented wave method
code GPAW[7, 8]. It is a pseudopotential free approach,
which allows more accurate and controlled description
of electronic structure than the conventional pseudopo-
tential approximations. For PAW core electrons the
frozen-core approximation is used[9, 10]. Each material
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is calculated in the framework of Density Functional
Theory (DFT)[11] using the GPAW code. All the
proposed combinations are fully relaxed using the (PBE)
functional[12].
III. RESULTS AND DISCUSSION
We sliced experimental lattice distance (4.171A˚)of Cu-
bic BaHfO3 peroviskite[13] into 10 equidistant as dis-
tortion sites in range of (3.85, 4.5) for slight change of
Centrosymmetricity. From Fig.1 it is clearly seen that
Fermi-level oscillates in between Valence Band Maxi-
mum(VBM) and Conduction Band Minimum(CBM) as
lattice distortion change over selected sites 3.85, 4.0277,
4.171, 4.2055 and 4.25. So, distortion strongly affects
the crystal symmetry and electronic structure of the cu-
bic peroviskite. Here we presented representative sites
and calculated the tolerance factor (t) which measures a
geometric distortions of Peroviskets[14].
t =
RA−O√
2RB−O
(1)
where RA−O and RB−O are the ideal A− O and B − O
bond lengths for a particular ABO3 material calculated
using the bond valence model.
A. Spontaneous polarization
Spontanous polarization is an important property of
ferroelectricity of materials.It is obtained when crystal al-
ters centrosymmetricity[15]. We used BerryPhase Phase-
Space Approach implemented in GPAW[16], and as de-
picted in Fig.1 shows that polarization of BaHfO3 en-
hanced by lattice distortion, as tolerance factor (t) de-
clined.
ar
X
iv
:1
91
0.
11
15
5v
2 
 [c
on
d-
ma
t.m
trl
-sc
i] 
 23
 N
ov
 20
19
2FIG. 1. Berry phase calculation of polarization with respect
to lattice distortion and corresponding tolerance factor.
B. Electronic Properties
Here, we used an improved description of the GLLB-
SC which improves on the exchange potential and explic-
itly estimates the derivative discontinuity[17, 18]. The
GLLB-SC potential has been tested for cubic perovskites
oxide systems with respect to experimental and G0W0
results giving an error below 0.5 eV. For all selected sites
3.85, 4.0277, 4.171, 4.2055 and respective fundamental
gap in consecutive order is 6.164, 6.478, 6.55, 6.49 which
only differ from experimental result by 0.5 eV.
FIG. 2. Band structure showing fermi Level oscillations on
selected distortions sites of Barium hafnate perovskits.
C. Optical Properties
The optical properties can be gained from the complex
dielectric function which is mainly connected with the
electronic structure.
(ω) = Re(ω) + Im(ω) (2)
The imaginary part Im(ω) is calculated from the elec-
tronic structure through the joint density of states[19]
and the momentum matrix elements between the occu-
pied and the unoccupied wave functions within the selec-
tion rules and is given by
(ω) =
2e2pi
Ω0
∑
| 〈ψck| uˆr |ψvk〉 |2δ(Eck − Evk − E) (3)
where e is the electronic charge, and ψck and ψ
v
k are the
conduction band (CB) and valence band (VB) wave func-
tions at k, respectively.
The real part Re(ω) can be extracted from the
Kramer-Kronig relationship[20]. Other optical constants
such as the refractive index n(ω), and absorption coeffi-
cient I(ω) can be computed from complex dielectric func-
tion (ω)[21].
n(ω) =
1√
2
{[
Re2(ω) + Im2(ω)
]1/2
+Re2(ω)
}1/2
(4)
and
I(ω) =
1√
2
2pi
λ
{[
Re2(ω) + Im2(ω)
]1/2 −Re2(ω)}1/2
(5)
The refractive index n(ω) and the dielectric function (ω)
of BaHfO3 are shown in Fig.3 and compared in selected
sites.
The overall behavior of n(ω) and static dielectric con-
stants are found to be the same for all distortion sites
and are in good agreement with other predicted study
of n(ω) and dielectric constant[22]. However, absorption
peaks increased slightly as distortion goes far from cen-
trosymmteric point, and turns on excitonic effect.
The absorption coefficient I(ω) for BaHfO3 is calcu-
lated from Eq.(5), and as illustrated in Fig.4, it reveals
that the absorption ability declines slightly in the range
of visible light(390-780nm) as distortion increases . How-
ever,those where symmetric(t = 1) ones have a good per-
formance in the absorption of visible light.
The excitonic properties are very sensitive to the grid
of k-points used because the contributions of Im(ω, q →
0) are very important[23].
In calculation of BSE we include a number of valence
and conduction bands. The imaginary part of the di-
electric function, which is directly related to absorption
spectrum, can be calculated by using the expression.
Im(ω)BSE =
16pi2e2
ω2
∑
|e. 〈0| |v |s〉 |2σ(ω − Ωs) (6)
3FIG. 3. The calculated real part Re(ω) and imaginary part
Im(ω) of the dielectric (ω) of BaHfO3 at selected distortion
sites.
FIG. 4. The absorption coefficient I(ω) for BaHfO3 at se-
lected distortion sites.
The term |e. 〈0| |v |s〉 is called the velocity matrix el-
ement in the direction of the polarization of the light
e[24].
For the calculation of dielectric function 4 unoccupied
bands have been proven sufficient in the energy range
under consideration. A simple scissor shift of 0.8 eV is
used to match the onset of the absorption to experiment,
neglecting local field effects and the electron-hole corre-
lation has been considered.
BaHfO3 is known by a large fundamental gap which is
obtained from GLLBSC calculation as 6.164, 6.478, 6.55,
6.49 in order of lattice distortion 3.85, 4.0277, 4.171 and
4.25. Note that the optical spectrum at Fig.4, the first
excitonic peaks are at an energy of 6.236 eV, 6.0226 eV,
6.0016 eV and 6.00 eV, and the optical gap of BaHfO3
in respective order of distortion sites are 3.85, 4.0277,
4.171 and 4.25, and also the G0W0 QP band gap are
4.01 eV, 4.2018 eV, 4.2779 eV, and 4.23 eV. Similarly,
the excitonic binding energy are 1.99 eV, 1.8 eV, 1.72
eV, and 1.77 eV, respectively.
The higher excitonic binding energy is the lower mate-
rial’s dimensionality and lower screening. The low dimen-
sionality increases the confinement between the electron
and hole which enhances its Coulomb interaction. Thus,
we observe from Fig.4 that strong excitonic peak at high-
est distortion site and keeps on decreasing as distortion
decline.
FIG. 5. The dielectric function of BaHfO3
obtained from the BSE, without local field effect.
IV. SUMMARY
In this work, We have computed using Density Func-
tional Theory, spontaneous polarization, electronic, and
optical properties for representative values of lattice dis-
tortion. The calculated spontaneous polarization, elec-
tronic and optical spectra are in good agreement with
experimental results.
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